High-performance n-type organic field-effect transistors were developed with ionic-liquid gates and N,N " -bis(n-alkyl)-(1,7 and 1,6)-dicyanoperylene-3,4:9,10-bis(dicarboximide)s single-crystals.
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Organic field-effect transistors (OFETs) have attracted considerable attention because of their potential for applications in large-area, flexible, low-cost electronics.
1 One of the major challenges for organic electronics is the realization of complementary circuits, where the simultaneous use of high-performance n-and p-type OFETs is essential. However, compared to p-type OFETs, n-type OFETs generally suffer from low carrier mobility and large positive threshold voltage, both of which pose serious problems for their practical use.
The far-from-ideal performance of several n-type OFETs is due, in large part, to atmospheric oxidants such as O 2 and H 2 O, and to chemical groups present at the organic-gate dielectric interface (e.g., hydroxyl groups in the case of the commonly used SiO 2 dielectrics) which act as electron traps thereby degrading transport properties. 2 Because interfacial phenomena crucially determine the device performance, 3, 4 several combinations of gate dielectrics and organic semiconductors are being intensively tested [5] [6] [7] with the goal of optimizing n-and p-type conduction, as it is needed to achieve higher-performance complementary organic circuits.
Besides conventional solid-state dielectrics, an alternative method to accumulate carriers at the surface of organic semiconductors exploits the use of electric double layers (EDLs)
at the interface with electrolytes. The advantage of electrolyte gating using EDL is that much higher carrier concentrations are accumulated by applying only low gate-bias voltages, because EDLs have a very large electrostatic capacitance owing to their small physical thickness (typically ∼ 1 nm). Indeed, for p-type transistors, the successful operation of high-quality OFETs based on EDL gating has been recently reported by several groups.
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Among all investigated EDL-OFETs, room temperature ionic liquids (ILs) are particularly In this paper our goal is to improve the performance of n-type OFETs and, by utilizing an EDL gating with ILs, we show that it is possible to reproducibly obtain high-quality devices exhibiting high mobility and ideal characteristics in air and operating at few volts.
To this end, we have fabricated N,N " -bis(n-alkyl In our devices, the PDIF-CN 2 single crystals (grown by physical vapor transport) are laminated manually onto a PDMS stamp as shown in Fig. 1(a) . The gate, source, and drain electrodes consist of Ti/Au films; the distance between the crystal and the recessed gate is intentionally kept large (25 µm), to facilitate the insertion of the IL in the region between the gate and the crystal (when a small droplet is positioned near the device, the IL is "sucked in" spontaneously by capillary forces). An optical microscope image of one of our single crystal devices is shown in Fig. 1(b) . An important advantage of this device structure is that we can measure the device characteristics before inserting the IL, which enables the direct comparison of the properties of the same transistor with air as gate dielectric, and with the EDL gate.
All the measurements were performed in air at room temperature, with an Agilent Technology E5270B semiconductor parameter analyzer. Before introducing the IL, the devices are characterized by measuring transfer and output characteristics (insets of Fig. 2(a),(c) ). 
